B
one defects that arise after dental extraction usually result in both horizontal and vertical bone loss. With time, the soft tissue shrinks concomitantly with the bone, making large augmentations difficult. The current challenge in bone grafting technique is vertical augmentation. The principle reason is the lack of soft tissue to cover the graft and less surface area for revascularization. Therefore, the critical factors in vertical bone grafting are blood supply, surface area, and soft tissue. Significant alveolar bone resorption can occur shortly after dental extractions. In nongrafted sites, more than 20% of the buccal plate is lost after 90 days.
1 Upto 4 mm of vertical height can be lost in the first year. 2 Vertical bone grafting is challenging and has a high complication rate. There are two main limitations to vertical grafting; one is the lack of soft tissue to cover the new volume of bone resulting in graft exposure and the second is lack of surface area in contact with the graft to allow incorporation and revascularization. This means the higher the vertical component of the graft the greater the distance of the surface of the graft from a blood supply. A recent study comparing autogenous bone with a resorbable membrane to nonresorbable titanium-reinforced membrane found up to 40% complication rate for both groups and a mean gain in height of 2.5 mm. 3 Both the current techniques have limited vertical gain and predictability. Distraction osteogenesis can result in greater vertical augmentation due to its ability to simultaneously grow the soft-tissue envelope or distraction histogenesis. Uckan et al 4 reported an average of 8.75 mm of vertical gain using distraction osteogenesis. Although in this study the implant success was 80%, the complication rate for the distraction procedure was 70%, with the majority being mild and correctable. Bernstein et al 2 have recently completed an excellent literature search on vertical bone augmentation. They found that there are three main techniques: guided bone regeneration, monocortical onlay grafting, and distraction osteogenesis. These current techniques generally do not simultaneously treat a vertical and a horizontal defect. The autogenous J-graft addresses both dimensions, and a pedicled connective tissue graft is used to correct soft-tissue deficiencies. Therefore, all three types of defects are corrected in one procedure.
TECHNIQUE

Recipient Bed Preparation
Case 1. The upper left lateral incisor was removed due to infection resulting in complete loss of the buccal plate leaving only the palatal plate. There is horizontal and vertical bone loss that has effected the adjacent teeth resulting in interproximal bone loss and 8 mm of recession on the canine (Figs. 1 and 2) .
A full thickness mucoperiosteal flap is raised. The incision is carried sulcular around the teeth and 2 mm palatal to the crest through the defect site. This is to allow thick palatal tissue to hold the sutures that may be under slight tension after the graft. A vertical releasing incision is made at least one tooth away from the defect site. If the defect spans two teeth, then the releasing incision is made further away from the defect site on either side. A larger flap design allows for less tension once the incision is closed. The vertical releasing incision can be made more distal to hide the scarring further away from the esthetic zone. Once the defect is fully exposed, a template is made by using the metal backing of a suture package. This template will be slightly oversized by 2 mm in each dimension to obtain excess bone for carving from the graft when trying to fit the graft to the recipient site. The moldable template allows the clinician to accurately develop the three-dimensional shape of the graft required to fill the defect. Clinicians may use the Cone beam CT to predetermine the size of the defect, then examine the anatomy of the donor site to make sure that there will be adequate bone in three dimensions. Recipient site preparation is a critical step and must be done accurately. Pikos 5 advocates decortication at the recipient to create a box, resulting in an inlay rather than onlay for better incorporation and less manipulation of graft. The author's technique removes little bone from the recipient site. More time is spent shaping the graft to fit the defect instead of making the defect fit the graft. The bone over the roots of adjacent teeth curve into the defect creating an "s" shaped bony slope (Fig. 2) . This junction between adjacent teeth and defect site is gently beveled to 60 degrees with a round 8 bur and the edges of the graft are beveled to the same extent. This preserves the critical bone supporting the teeth and the dental papilla. Overpreparation of the recipient bed may weaken the adjacent teeth especially if they are periodontally involved. More importantly, if there is a graft failure and extensive bone was removed during the site preparation, the adjacent teeth would be at risk. Perforation of the cortical plate is recommended to allow faster revascularization of the graft. The final site preparation occurs once the graft is harvested and tried in the defect. Care is taken to be sure that there are no gaps under the graft especially at the graft edges where soft tissue can grow in and result in delamination of the graft due to poor incorporation. The graft is checked for rocking, if the graft moves with pressure on one edge, then it is not properly seated. The usual spot to adjust is the bone curving of the adjacent roots into the defect. When grooving, this Fig. 2 . Vertical bone loss from the buccal through to the palate. There is interproximal bone loss on adjacent teeth. Fig. 3 . The template is fitted to the ramus to safely provide the amount of bone required. The key is to extend the graft harvest medial and stay 2 mm away from the roots of the teeth. Note, a sulcular incision was not use in this picture due to recession on the premolars. Fig. 4 . The occlusal/horizontal component of the J-graft. The edges are carved to go around the roots and stay 1 mm away from the root surfaces. The key is to have the horizontal projection crossover to the palatal side. Fig. 5 . The inner aspect of the buccal cortex (endosteum) is carved with a round bur to accentuate the J-shape, allowing the horizontal component to traverse from the buccal to the palatal side of the defect. site stay 1 to 2 mm away from the adjacent roots.
Donor Site Preparation
A sulcular incision is made starting at the mesial of the first molar and carried posteriorly to mid-crestal behind the last molar (if the third molar is present care must be taken not to extend medially to avoid the lingual nerve). Immediately after the last tooth, the incision is turned buccally and superiorly onto the crest of the ascending ramus. The purpose of the medial extension is to allow access to the medial aspect of the ramus for retraction and harvesting of the J component of the graft. A template is used to identify the shape and location of the graft site (Fig. 3) . The J-graft is designed similar to a membrane that would be used for guided bone regeneration. The occlusal surface is narrower to fit between the necks of adjacent teeth without touching the teeth. The mesial and distal surfaces are slightly carved medially to wrap around the teeth roots (Fig. 4) . The occlusal projection of the graft must be at least 6 mm long to allow adequate length to cover the buccalpalatal aspect of the defect and to insure a minimum of 1 mm of bone around the neck of the implant. The base is wider to increase the surface area for incorporation of the graft. A 701 fissure bur is used to make all the cuts except for the inferior cut that is made with a 8 round bur. The inferior cut is not made completely through the bone. The aim is to create a green stick fracture of the lower part of the graft. Levine et al 6 found that on average the inferior alveolar canal is 4.9 mm from the outer surface of the mandible. Taken into account, the thickness of the cortical plate and the nerve can be directly against the inner aspect of the buccal plate. If the nerve is high your inferior cut may extend below the nerve but separation of the block must be completed under direct visualization to dissect the nerve from the block if necessary with a periosteal elevator. The block is removed using a chisel and a mallet. The undersurface of the block can be carved with a round bur to extenuate the J shape, to better cup the defect (Fig. 5) . The harvest site is packed with gelatin sponge to decrease the dead space and prevent a hematoma. The incision is sutured with 4.0 chromic gut.
Graft Adaptation and Fixation
Graft manipulation to accurately fit the defect will take time and patience. This is the most important step. The J-block is tried in the defect and adjusted until it fits without rocking or gaps. This usually involves beveling the edges of the graft and carving the adjacent recipient site to hold the graft passively. If there is a gap under the occlusal surface of the J block, between the block, and the crest of the ridge, this is packed with marrow harvested from the donor site. This allows the highly cellular marrow graft to be shielded from resorption by the cortical component of the block graft. In essence, we are recreating a cortical cancellous graft shaped to fit a three dimensions defect. The vertical position of the graft is critical. If the graft is positioned too coronally, the soft tissue will dehisce and result in graft exposure. The graft should be placed roughly where the future head of the implant should sit, 3 mm below the CEJ (Fig. 6) . The advantage of this technique is the occlusal component that covers the defect adds vertical height to the crest of the ridge. The vertical positioning of the graft can be adjusted by adding cancellous bone under the occlusal segment of the J-graft that acts as an autogenous, rigid, living membrane. If there is no sufficient soft tissue to cover the graft, then a pedicled connective tissue graft from the palate should be used. Most large defects result from a combined hard-and soft-tissue defect. If both aspects of the lost volume are replaced with bone alone, the soft tissue has not been addressed often resulting in graft exposure. The occlusal/interproximal aspect of the graft must be shaped to closely approximate the roots of the adjacent teeth as it crosses from the buccal to the palatal (Fig. 4) . In essence, the J-block is being used in place of a titanium-reinforced nonresorbable membrane. The principles are the same. The edges of the graft must be 1 mm away from the adjacent roots (Fig. 4) . Fixation requires lagging the graft to the recipient site. This means that the outer hole in the graft must be slightly larger than the hole in the recipient site, allowing compression of the graft, resulting in primary bone healing that is more rapid and with less resorption. 7 Screw fixation is with a 1.5-mm diameter screw. Although generally two screws are recommended, one screw is sufficient for smaller grafts spanning a one tooth segment. 8 The J-graft is locked-in between teeth preventing rotation of the graft and eliminating the need for a second screw. The key is to have a passive fit without any gaps or rocking. Otherwise, the graft will delaminate at the time of reentry due to poor integration and a fibrous union in the space between the graft and the host bone.
Soft Tissue Closure
The success of the graft is highly dependent on proper flap closure. A tension-free closure is achieved by extensive releasing of the undersurface of the flap. The flap extends to the base of the nose and the periosteum is reflected from the piriform aperture. Then a releasing incision is made in the periosteum along the base of the entire flap and a blunt instrument is used to stretch the flap away from the periosteum bound to the bone. If there is recession on adjacent teeth the root surfaces can be etched and a resorbable collagen membrane used on the root, and the flap is coronally repositioned to cover the root surfaces. By wrapping the bone graft around the necks of the adjacent teeth, the gingival tissue now has better bony support to maintain its height. The root coverage results are demonstrated in Figure  7 compared with Figure 1 . The provisional restoration should be with a fixed resin-bonded restoration to prevent movement at the graft site as well as protecting the incision line. Multiple interrupted 4.0 chromic sutures are used. Before suturing, the flap must rest passively on the graft without exposing the graft. Other incision approaches may be used, for example, the papilla sparing flap. However, this does not allow coverage of root surfaces with the same flap. The scar line from the releasing incision is directly in the esthetic zone and on significant advancement of the flap, the unattached mucosa moves coronally into the attached gingiva zone resulting in a mismatch of tissue with the surrounding teeth.
Implant Placement
After 4 to 5 months of healing, the block graft has been incorporated into the host bone and the implant can be placed. 9 The screw can be removed through the mucosa without exposing the entire bone graft. The graft has completely integrated into the host bone and reinforced the bone against the adjacent roots (Fig. 8) . For implant placement, the incision is made 3 mm palatal to the crest of the ridge. This allows transferring palatal tissue to the buccal of the implant collar. With the broad occlusal portion of the J-graft the implant can now be placed in the ideal position (Fig. 9) . The horizontal and vertical bone levels have been augmented by this one graft due to its three-dimensional shape.
Case 2. Significant vertical and horizontal bone loss has occurred in the site of a previous mandible fracture. The bone loss on the adjacent tooth was to the apical one third (Fig. 10) . A J-graft was harvested from the right mandible. In this case, the osteotomy extended more medial on the ramus to obtain a larger corticocancellous block and not just a veneer graft. This is to insure adequate horizontal bone that will allow at least 1 mm of bone around the entire implant. In defects that are through a corticocancellous block is indicated. However, not all mandibles provide the anatomy for such a graft. If the teeth are buccally positioned or the buccal shelf is limited, the J-graft may not be possible. The graft is carefully trimmed to precisely fit the defect. The horizontal component curves over the occlusal onto the lingual aspect, creating interproximal bone (Fig. 11) . The vertical component improves the bone support on the adjacent teeth (Fig.  11) . After 5 months of healing the bone was completely incorporated into the host site. The ideal vertical and horizontal dimension was achieved (Fig. 12) . The graft now allowed for a regular diameter implant with adequate bone all around. Inside the osteotomy the cancellous component of the graft can be observed (Fig. 12) .
Case 3. This patient had an implant at site 12 (right lateral incisor), but there was insufficient bone and the implant failed, leaving only a thin buccal plate with significant resorption. The implant was removed and a J-graft was harvested from the left ramus. The graft was then fixated to the 12 site. However, there was no palatal bone and the fixation screw was completely exposed on the palate (Fig. 13) . Cancellous bone harvested from the ramus site was packed under the J-graft to reconstruct the palatal wall. The cortical ramus J-graft on the buccal will act as our titanium-reinforced nonresorbable membrane shielding the cancellous bone under it from resorption. In essence, we are recreating a corticocancellous block to fit our defect. There is inadequate soft tissue to reliably cover the large bone volume we have added. There has been both hard and soft tissue loss and both tissue types must be reconstructed. A pedicled palatal connective tissue graft is used to cover the graft and enhance our soft-tissue height (Fig. 14) . This is a vascularized (although this can be debated) soft-tissue graft that will add volume and keratinized tissue from the buccal to the palatal aspect of the graft, running interproximally. At 5 months, the thick attached gingiva can be seen throughout the grafted site and both vertical and horizontal deficiencies were corrected (Fig. 15) . On reentry at 5 months, the graft is completely incorporated and the implant can be ideally placed with excellent hard and soft tissue support (Fig. 16) .
DISCUSSION
Autogenous bone grafting is the gold standard in reconstruction of the maxillofacial region.
10,11 Although many allogeneic materials exist, none can predictably regenerate natural bone to the extent of autogenous bone grafts. The traditional ramus block graft is generally flat and the recipient site is contoured to fit the block. 12 The autogenous J-graft is a three-dimensional curved block that is contoured to securely fit the recipient site. There is little recipient site preparation; therefore, the bone around adjacent teeth is not sacrificed. The vertical component can be adjusted by adding cancellous bone from the harvest site under the occlusal component of the J-graft, therefore, acting as a rigid membrane for the particulate bone. 9 The autogenous J-graft can be used when there are vertical and horizontal bony defects, with loss of the buccal and palatal walls, interproximal bone loss and soft-tissue volume deficiency. This complex defect can be corrected with one surgery. The advantage of this approach compared with using particulate bone and a nonresorbable membrane is that there is no risk of membrane exposure that would lead to loss of the graft. The pedicled connective tissue graft acts as a vascular membrane covering the block graft and aiding in its revascularization and preventing graft exposure. Also, the bone regenerated under a membrane does not have the structural rigidity of the block graft; therefore, it is more likely to resorb over time. The disadvantage of this technique is that it is limited to one-to-two teeth defects. The block is technically difficult to contour and time consuming. Although the vertical augmentation is predictable, it is usually limited by the soft tissue available to cover the graft. Larger vertical defects will have to be treated by distraction. The use of rhBMP is currently showing excellent clinical results in humans. 13, 14 It may be possible in the near future to combine BMP with a structural carrier and build vertical bone, thus replacing autogenous onlay grafts.
CONCLUSION
The autogenous J-graft combines three-dimensional vertical and horizontal, hard-and soft-tissue grafting in one procedure. The J-graft reinforces the interproximal bone as it warps around the adjacent teeth allowing the dental papilla to be maintained after grafting. Finally, a pediculed palatal connective tissue graft can be used to augment the soft-tissue volume preventing graft exposure. The autogenous J-graft allows us to predictably provide implants in the esthetic zone where significant tissue volume has been lost. Fig. 13 . The graft fixated but the screw is exposed on the palatal and there is no bone on the palate to support an implant. Cancellous marrow will be packed on the palatal side under the graft. Fig. 14. A pedicled palatal connective tissue graft is used to cover the graft and enhance our soft-tissue height. debido al componente bucal más grande (horizontal) en contacto con el hueso receptor que a su vez soporta el componente oclusal pequeño (vertical). Por último, se agrega hueso a los lugares interproximales cuando se curva desde el bucal al palatal contra los dientes adyacentes. Esto apoya la papila en el lugar futuro del implante. El injerto en J autógeno es la técnica ideal para aumentar la zona estética con una reabsorción significativa que incluye los lugares interproximales. RESUMO: Este artigo descreve uma técnica para reconstruir previsivelmente defeitos ó sseos tanto horizontais quanto verticais com um enxerto; o enxerto-J autó geno. Osso colhido do ramo é contornado em três dimensõ es, resultando num componente tanto horizontal quanto vertical. Quando há tecido mole inadequado devido ao aumento em volume do osso no momento do aumento, o enxerto de osso é combinado com um enxerto de tecido conjuntivo do pedículo palatal. Isso proporciona tanto uma fonte de fornecimento de sangue quanto de tecido mole para o local enxertado. Há várias vantagens na técnica de enxerto-J; um ú nico procedimento pode reconstruir defeitos tridimensionais complexos, fornecimento de sangue melhorado para o enxerto devido ao maior componente bucal (horizontal) em contato com o osso hospedeiro que então suporta o componente oclusal menor (vertical). Finalmente, o osso é acrescentado aos locais interproximais à medida que curva do bucal para o palatal contra dentes adjacentes. Isso suporta a papila no futuro local do implante. O enxerto-J autó geno é a técnica ideal para aumento na zona estética com reabsorção significativa que inclui locais interproximais. 
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